Database to assess contaminant exposures in general medical and surgical hospitals. Seventy-five inspections conducted in these hospitals from 2005 through 2009 were identified. Five categories of inspections were conducted, the three most common being complaint-based, planned, and referral-based inspections. Complaint-based inspections comprised the majority of inspections-55 (73%) of the 75 conducted. The overall violation rate for all inspection types was 68%. This finding was compared to the violation rates of planned inspections (100%), referral-based inspections (83%), and complaint-based inspections (62%). Asbestos was the hazardous substance most commonly sampled and cited by OSHA in hospitals, with 127 samples collected during 24 inspections; 31% of the total 75 inspections resulting in one or more violations were due to asbestos.
care had the highest number of work-related injuries and illnesses in the country, with 152,000 more cases than the next closest industry, manufacturing (U.S. Department of Labor, Occupational Safety and Health Administration [OSHA], 2012d) .
Health care workers are exposed to a broader range of health and safety hazards than workers in any other service industry and perhaps industry in general (Rutala & Hamory, 1989) . Hazards present in hospitals can be classified into five broad categories: physical, chemical, mechanical, biological, and psychological (Ofili, Asuzu, & Okojie, 2004) . Only recently has the industry received additional attention for the myriad of hazards present in hospitals and the potential for exposure of health care workers to dangerous substances. Hospital safety programs, when present, have focused primarily on exposures to infectious agents and musculoskeletal injuries resulting from manual patient lifting (McDiarmid, 2006) .
The purpose of this study was to analyze data from OSHA's Chemical Exposure Health Database to determine which hazardous substances are most commonly sampled during OSHA inspections in general medical and surgical hospitals. This study includes descriptions of the most common types of inspections conducted in hospitals, and how many of those inspections resulted in hazardous substance measurements exceeding the applicable permissible exposure limits (PELs).
METHOdS

Database Description
A descriptive study was conducted to analyze data from OSHA's Chemical Exposure Health Database. This database provides industrial hygiene sampling results from inspections conducted by federal OSHA through its compliance monitoring program. Federal OSHA regularly conducts inspections, both planned and unplanned, of workplaces throughout the country as part of its regulatory enforcement program. Sampling results in this database originate from inspections of establishments across the country, including inspections conducted by federal OSHA in states with their own OSHA program.
Because of the limited number of OSHA compliance officers, not all workplaces are routinely inspected. Therefore, OSHA has established a system of inspection priorities. Imminent danger situations (i.e., hazards present and in use that could cause death or serious harm) receive top priority. Accidents that involve fatalities or catastrophes are next in priority. Complaints, allegations of hazards, or violations are third. Referrals of possible hazardous conditions are fourth. Monitoring inspections for abatements to previous violations are fifth. Planned or programmed investigations are sixth (U.S. Department of Labor, OSHA, 2012a). An additional cause for inspection not falling under any of these priorities is an "unprogrammed inspection." This is an inspection of an employer at a multiemployer work site whose operations are not directly covered under the original reason for inspection (U.S. Department of Labor, OSHA, 2012b) . A common example of this situation would be a work site where multiple companies are working together on a project. When inspecting a particular company on site, the inspector might notice an unsafe condition endangering another company and therefore conduct an unprogrammed inspection.
Completed inspection reports in OSHA's Chemical Exposure Health Database include the inspection date and the name of the business, along with the city, state, and zip code of the workplace. Also included is the Standard Industrial Classification (SIC) code and the North American Industrial Classification System (NAICS) code, identifying the type of industry inspected. The sampling results are also included with the inspection report, along with a laboratory number for each sample collected. The sampling data consist of the name of the substance sampled, the result or concentration, the type of sample collected (i.e., personal, area, wipe, or bulk), the amount of time sampled, and an Integrated Management Information System (IMIS) code, the substance code assigned for proper identification. If a hospital was found to be in violation of a standard, then a violation summary is also included, listing each violation and the specific standard violated. Violations are not limited to hazardous chemical substances; they could also result from other health or safety issues (e.g., fall or trip hazards, noise hazards, and lack of proper training or record-keeping).
Data Extraction and Analysis
Data were obtained for general medical and surgical hospitals using the SIC code for this industry (i.e., "8062," based on the 1987 SIC manual) (U.S. Department of Labor, OSHA, 2012e 
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OSHA's Chemical Exposure Health Database. This extraction resulted in a total of 75 inspection reports that were subsequently reviewed and analyzed.
Analyses of these inspection reports included identification of (a) the types of inspections conducted, (b) the substances sampled, (c) the hazards that most commonly resulted in violations, and (d) the number of samples collected exceeding the PEL.
In six instances, two inspections were conducted at the same establishment but on different days. These inspections were considered separate and were included in the analyses for a total of 75 inspections conducted at 69 hospitals. Typically, multiple samples were taken during each inspection, and often multiple samples of the same substance were taken from a different area or a different worker. When one or more of the samples collected during a given inspection exceeded the OSHA PEL, the PEL exceedance was determined separately for both that specific substance and that particular inspection. For example, if an asbestos sample was collected during a complaint-based inspection and the sample exceeded the PEL, then PEL exceedance would be counted for both a complaint-based inspection and asbestos. When determining whether a PEL was exceeded, only personal samples were used, which consequently reduced that subset of data to 38 inspections (i.e., 51% of 75 inspections).
Data were analyzed using Microsoft Office Excel 2008. Descriptive statistics (i.e., mean, standard deviation, maximum, and minimum) were generated for each substance collected. The number of inspections with a PEL exceedance and the number of inspections with a violation were compared to the types of inspections conducted. The hazards that most commonly resulted in violations for general medical and surgical hospitals were summarized.
RESUlTS
Types of Inspections
Complaint-based inspections comprised 55 (73%) of the 75 inspections reported in the database from 2005 through 2009 (Table 1) . Planned inspections were the second leading type-11 inspections (15%). Inspections as a result of referrals were 8%, unprogrammed inspections were 3%, and accident-based inspections were 1% of all listed inspections.
Overall, 7% of inspections resulted in a personal sample from a worker that exceeded the PEL for the substance sampled. Complaint-based inspections had a lower PEL exceedance rate (4%) compared to planned inspections (27%). Referral-based, unprogrammed, and accident-based inspections accounted for 9 (12%) of the inspections, with none having a personal sample that exceeded the PEL.
Most of the inspections (68%) resulted in one or more violations. Planned inspections had the highest rate, with all 11 (100%) resulting in at least one violation. Inspections as a result of referrals had the second highest rate (83%), and complaint-based inspections had the third highest rate (62%). Of the unprogrammed inspections, 50% resulted in at least one violation. No violations were associated with the single accident-related inspection.
Hazards Resulting in Violations
The most commonly cited hazards resulting in one or more violations during inspections are listed in Table 2 . Of the 51 inspections resulting in one or more violations, asbestos was the most common substance and was listed as at least one violation in 16 (31%) of the inspections. Formaldehyde was the next most common substance, cited in 15 (29%) of the inspections. Bloodborne pathogens (24%), hazard communication (22%), and lead (20%) rounded out the top five most commonly cited hazards resulting in a violation.
Chemical Substances Sampled
Chemical sampling results are listed in Table 3 . Asbestos was sampled the most frequently, with 127 samples collected during 24 inspections. Formaldehyde was the second most frequently sampled substance, with 99 Formaldehyde had the highest number of samples, three, exceeding the PEL. Of 99 samples of formaldehyde collected, 79 (80%) were personal samples. For asbestos, only 2 (1.6%) of 127 were personal samples. The majority of asbestos samples (76%) were bulk samples, which cannot be used to determine PEL exceedance. Methylene chloride was sampled three times, two of which were personal samples; both samples exceeded the PEL. Carbon monoxide, with one personal sample obtained, was the only other substance with a PEL exceedance.
dISCUSSION
All 11 (100%) planned inspections resulted in one or more violations issued, whereas only 34 (62%) of 55 complaint-based inspections resulted in one or more violations. Referral-based inspections had a violation rate between the two, with 83% resulting in one or more violations. Planned inspections might not be expected to result in a 100% violation rate, or complaint-based inspections to result in a lower violation rate compared to planned inspections. This finding indicates that complaint-based inspections were not always validated by the presence of a citable hazard.
Regarding the 11 planned inspections, the most commonly cited hazards that resulted in one or more violations were similar to the hazards cited for all inspections: formaldehyde (6 inspections), bloodborne pathogens (6 inspections), hazard communication (6 inspections), and medical services and first aid (6 inspections). The four most commonly cited hazards that resulted in one or more violations for the 11 planned inspections were also among the top seven most commonly cited hazards for all inspections. Interestingly, the most commonly cited hazard for all inspections, asbestos, was only cited in one planned inspection.
On comparison of the information in Table 2 with  the information in Table 3 , it is clear that the top three most commonly sampled substances, asbestos, formaldehyde, and lead, were also among the top five most com- monly cited hazards overall. For example, of the 51 total inspections cited for a violation, 33 (65%) listed asbestos, formaldehyde, lead, or a combination of the three as one or more of the violations. However, of the combined 296 samples for these three substances, only three, all formaldehyde, exceeded their respective PELs.
The results suggest that a few substances are more likely to be sampled and cited by OSHA in general medical and surgical hospitals. These substances are asbestos, formaldehyde, and lead.
Asbestos
In these data, asbestos was the most commonly sampled substance and the hazard most commonly cited by OSHA. However, because asbestos was mostly bulk sampled, asbestos exposures did not necessarily result in citations. Rather, it is possible that the management of asbestos-containing material present in hospitals is the concern. Because of the widely known carcinogenic nature of asbestos, it is possible that OSHA compliance inspectors target and inspect establishments for asbestos more frequently. Additionally, it is possible that inspectors are less lenient about the mismanagement of asbestos and more likely to cite workplaces for hazards involving asbestos exposures. Typical indoor formaldehyde concentrations range from 0.02 to 4 ppm (U.S. Department of Health and Human Services, ATSDR, 2008) . The range of measured concentrations observed in these hospital data, 0 to 3.10 ppm, is consistent with this. The average concentration of all the formaldehyde samples was 0.1 ppm, which is below the OSHA PEL of 0.75 ppm and action level of 0.5 ppm. In contrast, however, the National Institute for Occupational Safety and Health's (NIOSH) recommended exposure limit (REL) is much lower-0.016 ppm calculated as an 8-hour time-weighted average (U.S. Department of Labor, OSHA, 2012c). On comparison of each personal formaldehyde sample collected to the NIOSH REL, 24 samples exceeded the REL.
Lead
Lead was the third most sampled substance, and the fifth most cited hazard. None of the 70 total samples for lead exceeded the PEL, although only 10% of these were personal samples. This result is similar to that for the asbestos samples collected, with less than 2% of those being personal samples.
Lead can be found in hospitals from lead-shielding devices used to protect patients from hazardous radiation during x-ray examinations (Goldber, 1992 
Methylene Chloride
Methylene chloride was only sampled three times during two inspections. However, two of these three samples were personal samples and both exceeded the PEL. Two PEL exceedance samples were collected during separate hospital inspections. Methylene chloride is used in the manufacture of drugs and pharmaceuticals (U.S. Department of Labor, OSHA, 2007) , not something that typically occurs in general hospitals, which might explain the low number of samples collected.
Glutaraldehyde
The one accident-based investigation conducted involved an instrument malfunction leading to the release of and subsequent exposure to glutaraldehyde. Five area samples were collected during the post-accident inspection with a range of 0 to 0.02 ppm. No PEL is currently established for glutaraldehyde, which might explain why no personal samples were collected and why no mention of a violation was made in the inspection report. The American Conference of Governmental Industrial Hygienists has established a ceiling limit of 0.05 ppm for glutaraldehyde, meaning that at no time should employee exposure exceed this value. On comparison of the concentrations obtained in the five area samples, none of them exceeded this value and the highest sample value was 0.02 ppm.
Glutaraldehyde is widely used as a cold sterilant for disinfection of multiple surgical and dialysis instruments and other heat-sensitive equipment. Glutaraldehyde has additional uses as a tissue fixative and a hardener in the x-ray development process (U.S. Department of Labor, OSHA, 2006) .
STRENGTHS ANd lIMITATIONS
One strength of this study was the availability of the data, already assembled in a searchable online database. This database permitted the inclusion of a large number of OSHA inspections conducted in general medical and surgical hospitals across the country.
However, a few limitations existed as a result of using OSHA's Chemical Exposure Health Database in assessing chemical exposures in general medical and surgical hospitals. This study relied on data within online reports from OSHA's database, not from full reports. Further information and clarification might exist in full inspection reports that could add insight into these findings (e.g., the reason for sampling specific substances, the source of exposure, and the number of employees potentially exposed).
The database is composed of industrial hygiene sampling results obtained during OSHA hospital inspections; it is not intended to be a comprehensive list of all inspections conducted by federal OSHA. Therefore, it is possible that OSHA inspections were conducted, but that no samples were collected during the inspections. In this case, the inspection report would not be included in the online database and the inspection or possible violations would be unknown. Also, this database includes inspections that were conducted by federal OSHA; it does not include any OSHA inspections conducted by state-operated programs. This issue is a possible limitation because the data might contain a greater number of inspections of establishments located in states that do not have a state-operated OSHA program.
Finally, given financial and time constraints, OSHA compliance inspectors did not obtain samples from all general medical and surgical hospitals. Additionally, they did not obtain samples from all employees in all areas of the hospitals where inspections were conducted. As a result, the database provides a selective snapshot of the substances and concentrations to which employees were exposed in these types of workplaces. Thus, it does not fully characterize the potential chemical exposures in general medical and surgical hospitals.
CONClUSION
Between 2005 and 2009, asbestos was the most commonly sampled substance during hospital OSHA inspections, followed by formaldehyde and lead. Asbestos also was the most commonly cited hazard, followed by formaldehyde, bloodborne pathogens, hazard communication, and lead. Planned inspections had a higher violation rate (100%) than complaint-based inspections (62%). Additionally, 68% of all inspection types resulted in one or more violations; of these, 66% listed asbestos, formaldehyde, lead, or a combination of the three as one or more of the violations. Reviewing OSHA's Chemical Exposure Health Database allowed the researchers to estimate the frequencies of various OSHA violations present in general medical and surgical hospitals. Hospital administrators and health and safety managers can use this information to prevent occupational illnesses and OSHA violations by focusing their efforts on the more common hazardous substances sampled and cited by OSHA.
